Atomic structure and orientation relations of interfaces between Ag and ZnO by Vellinga, W.P & de Hosson, J.T.M.
  
 University of Groningen
Atomic structure and orientation relations of interfaces between Ag and ZnO





IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1997
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Vellinga, W. P., & de Hosson, J. T. M. (1997). Atomic structure and orientation relations of interfaces
between Ag and ZnO. Acta Materialia, 45(3), 933-950. https://doi.org/10.1016/S1359-6454(96)00252-2
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the




Acta mater. Vol. 45, No. 3, pp. 933-950, 1997 
Copyright 0 1997 Acta Metallurgica Inc. 
Published by Elsevier Science Ltd 
Printed in Great Britain. All rights reserved 
1359-6454/97 $17.00 + 0.00 
ATOMIC STRUCTURE AND ORIENTATION RELATIONS 
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Abstract-This paper presents the results of investigations of Ag-ZnO interfaces, produced by internal 
oxidation of an Ag-Zn alloy. ZnO precipitates with the wurtzite structure were found exhibiting mainly 
one orientation relation with the Ag matrix. However, closely related ORs were found, rotated by small 
angles from that orientation relation, The atomic structures of several interfaces surrounding these 
precipitates were studied and compared using HRTEM. The paper concentrates on interfaces between 
low index facets of ZnO and vicinal planes of Ag. These interfaces clearly show relaxations. 
An interpretation of these relaxations in terms of dissociation of partial dislocations at the interface is 
put forward. Copyright 0 1997 Acta Metallurgica Inc. 
1. INTRODUCTION 
With the advent of ultra-high resolution transmission 
electron microscopy (HRTEM) the atomic structure 
of many metalLceramic interfaces has been investi- 
gated in recent years. Among the issues addressed 
using this technique were the chemical composition, 
translational state, and the degree of coherency of 
interfaces. For a recent review of these and other 
results on metal-ceramic interfaces we refer to [l]. 
Our interest lies with the latter issue and, more 
specifically, with the core structure of (misfit) 
dislocations near metal-ceramic interfaces. We 
combine HRTEM observations to reveal the 
structural features with a numerical model to 
interpret them. Although the model description 
embraces a rather strongly simplified picture of the 
oxide and of the interactions across the interface, 
it does allow us to study the effect of misfit and 
bond strength on the dislocation cores at or near the 
interface. The model was first employed by Vitek 
et al. to account for relaxations near a Nb-A1203 
interface [2] and was extended by us [3, 41 to clarify 
the structure of the misfit dislocation network at a 
Cu-MgO interface and to compare the model with a 
description based on anisotropic linear elasticity of 
an array of misfit dislocations. 
A relatively simple means of creating metal-oxide 
interfaces suited for HRTEM work is internal 
oxidation. It leads to the formation of oxide 
precipitates with a few orientation relations with the 
metal matrix. Orientation relations and interfaces 
that form cannot, in general, be predicted from the 
crystal structures of oxide and metal. It may even be 
+To whom all correspondence should be addressed. 
impossible to predict beforehand which oxide will 
form. The presence of a metastable phase of ZnO 
in the samples we studied is a case in point here. 
The internal oxidation of alloys containing zinc has 
not received a lot of attention. From our point of 
view it seems to be an attractive choice for a number 
of reasons. First, the oxide expected to form is 
hexagonal. A precipitate will therefore necessarily 
show interfaces of rather different character. More- 
over, precipitates of ZnO are expected to attain 
appreciable dimensions in several metals, owing to 
the rather low oxygen affinity of zinc. A comparison 
of interfaces formed in different metals therefore 
seems to be possible. This paper will concentrate on 
the interfaces between Ag and ZnO, and sometimes 
refer to the other data when necessary. 
We did not study the influence of the oxidation 
parameters on the number, size, orientation and 
shape of the precipitates, because the size and 
faceting of the precipitates made them suitable for 
our goal: HRTEM observation of their interfaces. 
We are aware that, in particular, our lack of 
knowledge of the influence on precipitate shape and 
orientation at this point of time constrains the scope 
of our interpretations. In internal reduction, for 
example, dependence of the shape and orientation 
relation of precipitates on temperature has been 
shown [5], and recent investigations in our own 
laboratory indicate a similar fact for the internal 
oxidation of Cu-Mg alloys [6]. 
In literature studies of the internal oxidation of 
Zn in Cu, Ag and Pd are reported. Only the latter 
combination was also studied using (HR)TEM [7, 81. 
Meijering reports that in Ag with 2 at% Zn, no 
“microscopically visible” precipitates of ZnO are 
formed, as opposed to ZnO in Cu [9]. This is in 
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agreement with the fact that precipitates tend to 
get larger if the difference in oxide affinity between 
the matrix and alloying element decreases. Our 
experiments confirm this tendency as precipitates of 
ZnO in Cu are somewhat larger than those of ZnO 
in Ag. In our case, a typical ZnO precipitate in 
Ag would indeed be just below the limit of what is 
visible in optical microscopy. Of all precipitates we 
came across, the majority had formed in the interior 
regions of grains, and were plate-like, with a 
thickness of the order of 100 nm and a diameter of 
the order of 1000 nm. They exhibit an orientation 
relation with the Ag matrix that will be referred to as 
OR1 hereafter and that is treated more thoroughly in 
Sections 4.1 and 4.2. In this OR the (polar) basal 
plane of the ZnO is parallel to a { 11 l} plane in the 
Ag matrix. This OR has also been found for ZnO 
precipitates in Cu and Pd [7, 8, lo]. Three closely 
related ORs, rotated by a small angle with respect to 
ORl, have been encountered. These orientation 
relations were, however, very rare in our sample and 
were measured for one precipitate only. These are 
discussed in Sections 4.1 and 4.2 as well. Hetero- 
geneously nucleated precipitates on grain boundaries 
also occur. Although they clearly do show facets, 
none of these precipitates ever did show one of the 
ORs that was found for the precipitates inside the 
grains. Surprisingly, some precipitates of ZnO were 
found that apparently had the sphalerite structure. 
This is a metastable phase of ZnO. Precipitates with 
this structure were rare and always found in contact 
with the wurtzite form. Questions regarding the 
nucleation and stability of this metastable phase are 
addressed in Section 5. 
2. RELEVANT PROPERTIES OF ZnO 
2.1. Structural features 
At room temperature zinc-oxide, ZnO, generally 
occurs in the hexagonal wurtzite structure. The 
space group is P63mc. The JCPDS file for ZnO 
gives lattice parameters a = 0.32482(9) nm, and 
c = 0.520661(15) nm, at approximately 299 K [ll]. 
A third parameter, u, is necessary to describe the 
structure. It is the distance, normalized with respect 
to c, along the c-axis between oxygen and zinc 
ions. The publications on which the JCPDS files 
are based give values of 0.3825(14) and 0.3826(7) 
for u [12, 131. More recent neutron diffraction 
data give the following values: a = 0.32501(l) nm, 
c = 0.52701(l) nm, u = 0.3817(l) [14]. A value of 
3/8 for the parameter u would lead to a perfect 
tetrahedral arrangement of the atoms, but the 
deformation of the tetrahedra is small. The Zn-0 
distances along the c-axis are slightly (about 
0.0019 nm) longer than along the other directions. 
The c/a ratio for ZnO is 1.6021, which can also be 
taken as a sign of slightly distorted tetrahedrons. ZnO 
is, however, polymorphic, and is also known to exist 
in two cubic structures. A high-pressure NaCl-like 
structure is metastable at atmospheric pressure at 
room temperature. The lattice parameter of this 
compound is 0.4280 nm [15]. 
ZnO also exists in a metastable sphalerite structure. 
The wurtzite and sphalerite arrangements are very 
much alike. The sphalerite structure is related to 
the wurtzite structure as cubic close packing is to 
hexagonal close packing. Both structures might be 
considered as composed of Zn04 tetrahedra. In the 
wurtzite structure these are stacked in a hexagonal 
close packed, array with the tetrahedral edges of 
alternate layers rotated by 180”. In the sphalerite 
structure they are parallel in the layers that are 
repeated in a way so as to achieve cubic close- 
packing. Alternatively one could say that the 
sphalerite structure can be derived from f.c.c., and the 
wurtzite structure from h.c.p. by filling exactly half 
the tetrahedral holes in a regular manner with a 
second type of atom. As far as nearest neighbours are 
concerned, sphalerite and wurtzite are the same, each 
atom being surrounded by atoms of the other kind 
placed at the corners of a tetrahedron. Differences 
only become apparent if we look at next-nearest 
neighbours. Interactions between like atoms, Zn-Zn 
or O-O, are less important in the wurtzite structure. 
This is also reflected in the Madelung constant of 
the two structures, being 1.638 for the sphalerite 
structure and 1.641 for the wurtzite structure. These 
values, although differing by only a small amount, 
suggest that the wurtzite structure is somewhat more 
favourable for ionic compounds and the sphalerite 
structure for covalent compounds. The structures 
being so alike, no important differences in energy are 
expected to exist between them. Indeed ab initio total 
energy calculations show the energy of the sphalerite 
phase to be higher by only about 0.05 eV per formula 
unit [ 161. Nevertheless, polytypism and stacking 
disorder in ZnO are not common, whereas ZnS, for 
example, is notorious for the amount of polytypes in 
which it crystallizes, and for the ease with which the 
stacking of close packed layers along the c-axis 
becomes disordered. 
To the best of our knowledge the sphalerite form 
of ZnO has only been reported on two occasions, 
by Bragg et al. in 1932, and by Radczewski et al. 
in 1969 [17-191. Bragg et al. found thin films of 
transparent ZnO spanning small holes in a Zn film. 
Electron diffraction patterns could be indexed for a 
cubic structure, and the intensities measured indi- 
cated a sphalerite form. The lattice constant was 
estimated to be 0.462 nm. Radczewski et al. studied 
ZnO scales on Zn particles. Electron diffraction 
patterns of thin filaments were interpreted by 
assuming a cubic form of ZnO to be present, with a 
lattice parameter of 0.5587 nm. This seems to be 
incorrect for ZnO with a sphalerite structure. 
It would mean an elongation of the Zn-0 bonds 
compared with their length in hexagonal ZnO, by 
about 21%, which is rather unlikely. The possibility 
that a different compound is responsible for these 
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measurements should not be disregarded. The basal 
plane is a polar surface, and may have metallic 
character. Ag deposited on these surfaces has been 
shown to grow in a layer by layer fashion, with a 
preferential orientation of the {ill} plane of the 
individual Ag crystallites parallel to the surface, but 
without any strong azimuthal orientation of the 
crystallites [20]. An unreconstructed surface shows a 
hexagonal net of atomic rows with edges of 0.325 nm. 
This distance is larger than the nearest neighbour 
distance in most f.c.c. metals. If the layer below this 
also affects the bonding, the symmetry at the interface 
will be threefold. The (1070) plane, or first-order 
prism plane of ZnO is a non-polar surface. Several 
metals have been deposited on these surfaces, to 
study bonding. Au is reported to have a low 
interaction with this surface whereas the stability of 
Cu on (lOi0) planes is intermediate between Cu on 
(0001) and (OOOi). 
3. EXPERIMENTAL DETAILS 
A silver-zinc alloy was made containing 1 wt% of 
Zn. The Ag used was 99.995% pure and the Zn 
99.9995%. Melting and subsequent cooling of the 
AgZn mixture was performed in a graphite crucible 
in an evacuated quartz tube. The samples were not 
homogenized after this treatment. Flakes of about 
1 mm thickness were internally oxidized at 1073 K, 
in air. The oxidation time was quite long, 17 hours, 
and even three days for some samples. TEM 
specimen preparation was straightforward using 
standard preparation techniques. Specimens were 
ground, dimpled and ion-milled to electron transpar- 
ency. Ion milling was performed with a GATAN 
dual ion mill. The accelerating voltage was 5 kV, 
and the milling angle 15”. HRTEM images were 
taken with a JEM4000//EX II microscope, operating 
at 400 kV. The relevant electron optical parameters 
of this microscope have been determined: C, = 
0.97 f 0.02 nm, defocus spread: 11 f 2 nm, beam 
semi-convergence angle: 0.55 mrad. 
HRTEM negatives were digitized, and the grey 
scale adapted to achieve a reasonable contrast. Of the 
images presented here only those in Figs 9 and 12(b) 
have been explicitly low-pass filtered to reduce noise. 
4. RESULTS 
4.1. Orientation relations 
The predominant orientation relation, OR1 shows 
a parallelism of (0002) of ZnO with { 11 l} of Ag, and 
(2iiO) of ZnO and (110) of Ag. This means there 
are four sets of equivalent precipitates, with this OR, 
each with their basal plane aligned to one of the 
four { 111) planes. Viewed along any particular (110) 
direction, for two of these sets the basal plane is 
inclined to the beam, in the other two it is parallel to 
the beam. The orientation of the latter precipitates 
is mirror symmetric with respect to the {002} 
n +I 
1oonm 
Fig. 1. (a) Precipitate of wurtzite ZnO, showing truncated 
trigonal shape. This is a rather small precipitate. View along 
(111). the edges are along (110) directions of the Ag. 
(b) Impression of the precipitates, showing basal plane, 
first-order pyramidal plane and first-order prismatic plane 
facets. 
plane, which is parallel to that viewing direction. The 
same orientation relation has been found for ZnO 
precipitates in Cu and Pd. 
Viewing along a (111) axis, Fig. 1, it becomes clear 
that these precipitates have a truncated trigonal 
shape, dictated by the threefold axis of f.c.c. Ag 
around (111) directions. It is evident that the edges 
of the precipitate, as cut by the foil perpendicular to 
a (110) viewing direction, are not necessarily parallel 
to that direction. This may lead to Moire effects near 
the edges, with the same period as possible misfit- 
related strain fields. 
Three other orientation relations for ZnO precipi- 
tates in Ag have been found. They only involve a 
simple rotation about the [2flO] axis of the ZnO 
precipitate, with respect to the Ag matrix. A common 
characteristic of the ORs is the parallel Ag [Ol l] and 
ZnO [2110] directions. Table 1 summarizes the 
characteristics of the orientation relations. Tilts 
increasing the angle between (0002) and (200) have 
been represented with a negative number. For all 
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Table 1. Angles between low index planes of Ag and ZnO 
facets of urecioitates with OR1 
a’ a 8’ B 
OR1 0 0 8.96 8.96 
OR2 69.16 -0.78 62.34 8.19 
OR3 -2.15 -2.75 6.21 6.21 
OR4 - 5.16 -5.76 3.2 3.2 
a’: angle between [0002] and [lli] 
LX: angle between [0002] and closest (111) direction 
fi’: angle between [OlTl] and [lTl] 
8: angle between [OlTl] and closest (111) direction 
observed tilts this angle increases. The corresponding 
diffraction patterns are shown in Fig. 2. 
The most prominent interfaces for OR1 are 
between the basal plane of ZnO and a close packed 
.022 
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{ 111) plane of the metal. However, the edges of the 
precipitate are also faceted and the most important 
ZnO facets there are the first order prism and 
pyramidal plane. (The interfaces of the two sets of 
precipitates with basal planes parallel to the beam are 
equivalent, see Fig. 3.) These facets are also present 
on the OR2 and OR3 precipitates (Table 2), whereas 
the precipitate with OR4 showed no facets parallel 
to the viewing direction. Of course the orientation of 
the ZnO planes with respect to the matrix has also 
changed and, interestingly enough, neither OR2, 
OR3 nor OR4 causes any set of close packed planes 
to be parallel. In contrast, ORs for ZnO in Cu with 
(2110) and (011) parallel do show parallelism of 
close packed f.c.c. and ZnO planes. In that case { 111) 
0 ZnO B=[2iiO] 
?? At? B=[Ol l] 
Fig. 2(a) and (b) 
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w Ag B=[Ol l] 
Fig. 2. Diffraction patterns corresponding to the orientation relations OR1 to 0R4. (a) ORI; (b) 0R2; 
(c) 0R3; (d) OR4. 
planes are either parallel with the basal plane or 
with a pyramidal plane. So, actually, the precipitates 
with OR2 and OR3 appear a little like the OR1 
precipitates, sharing some of the important bounding 
planes. Comparison of the structure of these 
interfaces reveals the relaxations caused by the slight 
rotation in combination with the bonding on the 
interface structure. 
4.2. HRTEM observations 
As has already been mentioned, the edges of the 
wurtzite ZnO precipitates showed several types of 
facets. Among these interfaces only the (OliO) facet 
is parallel to a low index plane in Ag, the (271) plane. 
The pyramidal facets are not parallel to a low index 
plane in Ag. Furthermore, the difference in structure 
between the oxide and metal leads to the possibility 
that dissimilar interfaces involving the same ZnO 
facets exist. This should become apparent from 
Fig. 3 where the orientation of some important 
ZnO facets with respect to three sets of close packed 
metal planes is sketched. Clearly there is a possibility 
to find two different interfaces involving the 
first-order pyramidal ZnO interfaces. The abbrevi- 
ation Pyl is used in the following, for the interface for 
which this smallest angle is between a pyramidal 
plane and a { 111) plane. Py2 is used whenever the 
smallest angle is between a pyramidal plane and a 
{ 100) plane. The same distinction has been made for 
the tilted precipitates. The actual angles between the 
various planes differ of course, and have been 
tabulated in Table 3. There is a large difference 
between the structure of the interface at the Pyl and 
Py2 facets. The exact shape of the edges differs 
between any two precipitates. Facets are not always 
flat at an atomic scale, and do not have the same 




Fig. 3. Traces of low index f.c.c. planes, and examples of the 
two sets of precipitates with basal planes parallel to the 
beam, as viewed from [Oil]. Pyl and Py2 interfaces are 
indicated. 
relative length on all precipitates. Some facets do not 
even occur on all precipitates. 
On the basal plane the misfit of l/2(110) of Ag 
with the period of ZnO is about 12.4%. In fact there 
is an almost perfect match, within 0.1%) of 8 uzno and 
8 aA,/@. The misfit is equal for all directions in the 
plane, as both surface nets are hexagonal. This also 
means that the misfit along the viewing direction for 
any interface considered here is 12.4%. 
The geometry of the unrelaxed interface resembles 
those between f.c.c. metals and octahedral precipi- 
tates of oxides with NaCl-like structure, such as 
Cd0 and MgO. Model calculations, compared with 
results from HRTEM experiments on a Cu-MgO 
interface, were reported by us in a previous study [4]. 
We found that relaxations are likely to occur both 
along the interface and perpendicular to it, resulting 
in an interface structure with trigonal symmetry that 
may be interpreted as a network of (Shockley) partial 
misfit dislocations with edge character. The difference 
in stacking between the two cases is not expected to 
be of great importance for the interface structure so 
similar calculations on these interfaces are expected 
to give comparable results, see Fig. 4. 
In the geometry forced upon it by ORl, the 
prismatic plane is parallel to (2il) in the metal. 
The misfit along this interface is large. If we take 
the repeat distances along the interface in both 
constituents we find a misfit of: (7.084/5.21) - 1 = 
35%. Alternatively, we could take the misfit to be 
between distances of close packed planes along this 
direction; that is, disregarding the stacking sequence, 
and then we arrive at 10.3%. It is interesting to 
consider the nature of possible misfit dislocations at 
this interface relieving the misfit along the [lli] 
direction. 1/2[01i] lattice dislocations have a com- 
ponent parallel to the boundary of 1/3[11i], and 
could relieve misfit. However, they also have a 
component perpendicular to the interface which 
would cause a tilt. An array of Frank partial 
Table 2. Low index ZnO facets parallel to 
10111 surrounding the precipitates 
OR1 (002), (OlTl), (OllT), @To), (01T2) 
OR2 (0002), (OlTl), (OlTi) 
OR3 (0002), (OlTl), (OlTT), (OliO) 
OR4 no low index facets 
Table 3. Smallest angles between close-packed planes of Ag and main 
facets of ZnO 
OR1 OR2 OR3 OR4 
B (111) 0 0.8 2.15 5.16 
Pr jlllj 19.47 20.25 22.22 29.5 
IO021 35.26 34.48 32.51 25.23 
Pyl jlllj 8.96 8.18 6.21 3.2 
Py2 (002) 6.84 6.06 4.09 1.08 
dislocations near the interface would relieve misfit, 
without leading to a tilt. 
Figure 5 shows a HRTEM image of a prismatic 
facet of a precipitate, in contact with the Ag (2il) 
plane. This boundary, although it seems to be straight 
in a global view, does not seem to show rigorously 
periodic features with the period one would expect. 
Bending of Ag (lil) planes in the region can be 
clearly seen though, and a step is indicated by the 
arrow. As is evident from HRTEM images, presented 
in Figs 6 and 7, both pyramidal interfaces Pyl and 
Py2 sketched in Fig. 3 can be found. Figure 8 depicts 
a rigid lattice model for both boundaries. The fact 
that both appear does not necessarily indicate that 
the energy difference between the two structures is 
small. A precipitate might still show more of one 
interface than of the other. In fact the trigonal rather 
than the hexagonal shape of the precipitates may 
point in that direction. In Fig. 1, it is indicated what 
the precipitate might look like. Here, an energy 
difference is assumed to cause unequal areas of the 
interfaces to appear. This hypothesis could of course 
be verified by imaging both sides of a precipitate at 
once. However, the precipitate shape in Fig. 1 is an 
idealized one; in reality the precipitates are not all 
exactly alike, and the situation is therefore not as 
clear-cut. Pyl shows the pyramidal facet of ZnO 
making an angle of 8.9” with the (111) Ag plane. As 
the geometry of the interface is really determined by 
the parallelism of (117) and the basal plane, we do 
not have to look for deeper reasons behind the angle 
of 8.9”. What is interesting, however, is to see how 
the structure of the silver and ZnO has adapted to 
this peculiar situation. Looking at the hard sphere 
representation, we might interpret the structure as 
a stepped silver surface in contact with a ZnO 
pyramidal plane. The steps in the Ag are l/4 (211) 
type steps. The projections of these steps perpendicu- 
lar to and along the interface are l/3 (111) and l/12 
(21 l), respectively. From the experimental image 
it is clear that at the actual interface these steps are 
no longer distinguishable as such and appreciable 
relaxations have occurred. The relaxation evidently 
involves the creation of a partial dislocation on 
the (lil) plane, which has moved somewhat from 
the interface leading a small area of the stacking 
fault. Py2 is 6.835” off parallelism of the pyramidal 
plane with the Ag (200) plane. This interface can 
also be constructed using l/4 (211) steps, but in this 
case the projections perpendicular to and along 
the interface measure l/2 [loo] and l/4 (011) 
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Fig. 4. HRTEM image of basal plane of ZnO in contact with Ag (1 Ii). Defocus is about -48 nm 
respectively. As in the former case, small areas of the 
stacking fault seem to be present near the interface, 
judging from the experimental micrographs. Now 
there are two available { 11 l} glide planes present, 
with a 6.8” difference in angles between them and the 
interface. It can be seen that the { 111) plane making 
the largest angle with the interface is the glide plane 
involved. In the course of our investigations focus has 
been on interfaces coinciding with low index ZnO 
planes, but we also encountered some situations 
where an interface on the edge involved a clearly and 
periodically stepped ZnO plane. 
For the precipitate with OR2 a {Olil} plane is 
found on the precipitate, and also a very short (0002) 
segment. Another pyramidal facet was present, but a 
groove formed along it during ion milling, effectively 
creating a hole. All other interfaces appear not to be 
parallel to the beam, or curved. HRTEM images of 
some of the interfaces surrounding this precipitate are 
shown in Figs 9 and 10. Figure 9 shows the interface 
Fig. 5. HRTEM image of a prismatic facet of ZnO in contact with Ag. Steps are indicated on the left-hand 
side of the image. A dislocation core is indicated by the arrow pointing downward. Defocus is about 
-48 nm. 
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Fig. 6. HRTEM image of a Pyl interface. The first-order pyramidal plane of ZnO makes an angle of 8.96” 
with the Ag (111) plane. The image suffers from a rather large tilt present during exposure. Only one set 
of fringes is clearly visible in the Ag. Nevertheless, the appearance of the other set of fringes is clearly 
different near the interface, as compared with the bulk pointing to relaxations. Defocus is about -48 nm. 
with the basal plane of ZnO. The angle between the 1.65 f 0.1 nm to arrive at this angle. The measured 
basal plane and the (lli) plane is about 0.8 f 0.5”. distance is 1.9 + 0.2 nm and is in agreement with the 
If there is no homogeneous strain on this interface a expected value. 
l/4(211) step is needed every 17.3 k 10 nm to arrive In the case of OR3, three surfaces of the ZnO 
at this angle. The measured distance between the precipitate are the same as for ORl, and in fact this 
faulted parts in the figure is about 9 nm. This facet precipitate looks a lot like an OR1 precipitate slightly 
was rather short and this was the only part that rotated in the matrix. The shared planes are (0002) 
yielded clear images. The two faulted parts, clearly and {Olil}, and {OliO}. The orientation of this 
visible in the figure, are far more evident than at the precipitate in the matrix is different from that of the 
basal plane interface of OR3. It is unclear whether OR2 precipitate. Its (0002) is almost parallel to (lil) 
the stacking faults visible have originated at the instead of (lli). Moreover, the sense of rotation is 
interface or have slipped to the interface. From the inverted, but this means that it increases the angle 
image it is clear that the (117) planes between the between (0002) and (200), just as for OR2. As a 
stacking faults are parallel to the interface, whereas consequence, the interfaces can be modelled with the 
they are tilted with respect to it only at a larger same steps as the interfaces for 0R2. With the other 
distance. The interface between the stacking faults, sense of rotation, the interfaces involving planes 
therefore resembles the interface of the basal plane close to a { 11 l} plane would have shown steps with 
of the precipitate with ORl. In this case, there are l/2( 110) character instead of l/4(21 1). 
“domains” at the interface, separated by the stack- Figure 11 shows the interface with the basal plane 
ing faults. The Ag lattice points in consecutive of ZnO. The angle between the basal plane and the 
“domains” are translated by l/6(121} x aAg, which (1 li) plane is about 2.7 + 0.5”. The component of the 
means that the misfit dislocation network has also l/4(21 1) step perpendicular to the interface is 
been translated, by l/6(121} x a~, where a0 is the l/3(111) in this case. This component gives rise 
period of the network. For the misfit dislocation to the tilt. If there is no homogeneous strain on 
network, the lines of intersection of the stacking this interface a l/4(211) step is needed every 
faults with the interface therefore also act as “domain 4.92 f 0.9 nm to arrive at this angle. A lower density 
boundaries”. of steps would mean that long range stresses are 
Figure 10 shows the Pyl interface. The angle present, either coherency stresses or residual stresses. 
between the pyramidal plane and the (lil) plane is The measured distance is about 5.2 + 0.5 nm, which 
about 8.2 f 0.5”. If there is no homogeneous strain is in agreement with the expected value. However, 
on this interface a l/4(211) step is needed every as already indicated by the rather large error, the 
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Fig. 7. HRTEM image of a Py2 type interface. The pyramidal plane of ZnO makes an angle of 6.84” with 
the Ag (002) plane. The image of the interface is not very clear. Bending of the planes near the interface 
may, however, point to relaxations. Defocus is about -48 nm. 
periodicity of the steps at the interface is not perfect. 
A certain irregularity is expected because the distance 
between the steps is not an integer multiple of the 
periodicity of the Ag along the (untilted) interface. 
This effect may cause a step to appear after 20 or 19 
instead of 19.64 l/4(21 1) distances, but is not 
expected to lead to the large difference we see here. 
At this interface, distortions in the ZnO seem to 
accompany the relaxations in the metal. For the 
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Fig. 8. Hard sphere representation of the Pyl and Py2 
interfaces. Note the different projections of the steps in the 
metal parallel and perpendicular to the interface. 
structure of the misfit dislocation network that may 
be present at this interface the same remarks apply as 
for the basal plane interface of 0R2. Figure 12(a) 
shows the Pyl interface. For the Py2 interfaces the 
component of the l/4(211) step giving rise to the tilt 
is l/3( 111). The angle between the pyramidal plane 
and the (171) plane is about 6.2 f 0.5”. If there is no 
homogeneous strain on this interface a l/4( 2 11) step 
is needed every 2.24 + 0.2 nm to arrive at this angle. 
The measured distance is about 2.1 + 0.1 nm, so no 
homogeneous strain is thought to be present at 
the interface. Figure 12(b) shows the Py2 interface. 
The angle between the pyramidal plane and the 
(200) plane is about 4.09 + 0.5”. Relaxations near the 
interface are clear when it is viewed along the (200) 
planes. The picture does not show a clear periodicity 
along the interface. Figure 13 shows the prismatic 
interface. Displacements are evident looking along, 
for example, the (171) planes. Compared with the 
prismatic plane interface of precipitates with ORI, 
Fig. 5, it shows less steps. The interface is atomically 
flat over about 50 nm. Relaxations are evident near 
this interface as a view along, for example, the (lil) 
planes will show. Three cores of interface dislocations 
are indicated by arrows in the figure. 
In conclusion, we have observed interfaces 
between low index ZnO facets, and several high 
index Ag planes. On the interfaces with high index 
Ag planes, interfaces with “tilt”, relaxations were 
observed in all cases. The tilt can be modelled with 
an array of l/4(21 1) steps on the metal side of the 
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Fig. 9. HRTEM image of the basal plane interface of a precipitate with 0R2. Two stacking faults on 
the (1 li) plane are indicated by arrows. Note that the (lil) planes between the stacking faults are parallel 
to the interface, whereas above them they are under a slight angle of about 1”. Defocus is about -24 nm. 
interface, either on a { 111) plane or on a (002) plane. on the { 111) plane intersecting the interface with the 
Relaxation of these steps was most prominent on largest angle. 
interfaces involving a { 111) plane slightly tilted with Apart from the precipitates of hexagonal ZnO, the 
respect to the interface. A common characteristic of internally oxidized Ag-Zn alloys also contain 
these relaxations is the appearance of a stacking fault precipitates of ZnO with the sphalerite structure. 
Fig. 10. HRTEM image of a Pyl interface of a precipitate with OR2, relaxations are clearly visible looking 
along the interface. Arrows point to cores of the dislocation structure. Defocus is about -24 nm. 
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Fig. Il. HRTEM image of the basal plane interface of a precipitate with OR3. Looking along the interface 
an array of dislocations can be seen. Defocus is about - 12 nm. 
Evidence for the existence of this phase in our 
samples is presented in Fig. 14. Diffraction patterns 
of three zones taken from the same precipitate, or 
rather group of precipitates, are shown in Figs 14(b), 
14(c) and 14(d). The diffraction patterns from the 721 
and the ‘I1 1 zone axes are selected area diffraction 
patterns, showing only spots of Ag and the cubic 
phase. The diffraction pattern from the 011 zone also 
shows spots from the two hexagonal precipitates 
viewed along 2iiO zone axes. 
All spots that cannot be attributed to Ag or 
hexagonal ZnO, can be accounted for if a cubic form 
of ZnO is assumed to be present. 
The bright field images in Figs 14(a) and 14(e), give 
a more appealing view of this phase, and strongly 
suggest the sphalerite character. These precipitates 
were always found in close contact with two or more 
precipitates of hexagonal ZnO, meeting on close 
packed planes: { 111) in the case of the cubic phase, 
{0002} in the case of the hexagonal phase. The 
precipitates show stacking faults, and there are even 
slabs with a hexagonal structure inside them. 
This disorder in the stacking of { 111) planes leads to 
a star-shaped diffraction point, with arms in the 
direction perpendicular to the { 111) planes. This 
leads to streaking in the 011 zone axis DP and the 
appearance of satellite spots in the iI 1 and 721 zone 
axis DP. 
5. DISCUSSION 
5.1. Sphalerite ZnO 
The presence of the metastable ZnO phase in the 
internally oxidized alloy needs a physical expla- 
nation. Metastable phases have been encountered 
on several other occasions after internal oxidation. 
They involve (mostly) cubic aluminium oxides in 
copper [21,22] or niobium [23], and also oxides of 
manganese in copper [24] and silver [9], although the 
latter case must be doubted [25]. Of course, this 
phenomenon has a close analogy in other processes 
involving nucleation and growth within solids. The 
transition phases may occur because the nucleation 
barrier for them is lower than for a direct formation 
of the stable phase. The lowering of the nucleation 
barrier is a consequence of the lower interfacial 
energy of the transition phases compared with the 
stable phase. After nucleation, the metastable phase 
may grow until the Gibbs free energy gets higher than 
that of a precipitate with the stable phase. In general, 
the change in free energy AG when a new phase 
of volume V, and an interface AB forms, causing an 
increase in elastic strain energy per unit volume AG: 
is given by: 
AG = VBAG,“, + A,Y,B + Vfi AC:, 
where AG$ is the free energy per unit volume. 
We would expect nucleation of sphalerite instead of 
wurtzite if the following condition is met: 
(Vsp&&h - Vw.AG:,.,,) 
5 Awuy~g-wu - Asph + VwuAG:.,, - VsphAG:_ssph 
If the energy of formation of sphalerite inside the 
Ag matrix is more positive than of wurtzite, i.e. in 
accordance with the Gibbs free energy of formation, 
the term on the left is positive, expressing the deficit 
in energy of a volume of sphalerite with respect to an 
equal volume of wurtzite (1.9398 x 1O-3 eV/A’ [16]). 
A lower total interface energy and strain energy term 
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Fig. 12. (a) HRTEM image of an interface involving a Pyl pyramidal plane of a precipitate with 0R3. 
Defocus is about -36 nm. (b) HRTEM image of an interface involving a Py2 pyramidal plane of a 
precipitate with 0R3. Near the interface, relaxation of the (002) planes can be seen. Defocus is about 
-36 nm. 
for the sphalerite are thus needed to make nucleation in Ag. We have already noted that there exists a slight 
possible. A first thought, regarding the interface difference in ionicity between the two compounds, 
energy term, leans somewhat on negative evidence, and that the resistance of Cu is larger than that of 
namely that until now we have not found any cubic Ag. Screening of the ionic compound will be 
ZnO precipitates in Cu. We could assume therefore somewhat more efficient in Ag, effectively reducing 
that a nucleus of cubic ZnO is less stable in Cu than this particular difference between small nuclei of the 
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Fig. 13. HRTEM image of an interface involving a pyramidal plane of a precipitate with 0R3. Defocus 
is about -24 nm. 
two phases. One might argue on these grounds that 
it is more likely to find both wurtzite and sphalerite 
in Ag, than in Cu. Further it has to be emphasized 
that the interface energy term is quite important 
for the nucleation rate as well. In the case of 
homogeneous nucleation it is easy to see that the rate 
of nucleation is proportional to the power cube, i.e. 
proportional to exp[-dy3], where A depends on AG$ 
and AC:. However, the question should be addressed 
whether we are dealing with homogeneous precipi- 
tation in the first place. 
could consider the surrounding of the sphalerite by 
wurtzite as a kind of three-dimensional epitaxy. In 
most cases found, three and perhaps even four low 
energy interfaces surround the sphalerite form. The 
cubic sphalerite structure fits perfectly in the space 
between the hexagonal precipitates, so no defor- 
mation strains have to be present in the inclusion. In 
this picture the cubic Ag matrix plays an important 
role, providing the correct angles. 
The cubic form may be in contact with the silver, 
and does not have to be completely surrounded by 
hexagonal precipitates. (In fact, we also observed an 
interface between { 11 I} planes of ZnO and Ag.) 
Starting with the nucleation we observe that two 
wurtzite plates that grow on different {ill} planes 
may meet. The angle between them can be either 
sharp or obtuse. If the angle is sharp, the line of 
intersection seems to be a likely spot for the sphalerite 
to nucleate heterogeneously, as the interface energies 
with the two wurtzite precipitates are expected to be 
very low. Furthermore, if the wurtzite precipitates 
were to grow further inward a high energy grain 
boundary would form, much like the one visible in 
Fig. 14. The slight deviation of the ideal c/a ratio for 
hexagonal ZnO means that the possible symmetric 
boundary would not be exactly parallel to the {OliO} 
planes in the ZnO, which could have provided a good 
fit and a relatively low energy grain boundary. 
Instead, this grain boundary is expected to have a 
relatively high energy. If the two precipitates grow, 
this same misfit will ensure that at a certain instant 
of time the local situation will be exactly that of the 
cubic structure, which then might start to grow. We 
Because we have always found the sphalerite and 
wurtzite structure together, this suggests that only 
sphalerite precipitates that nucleate heterogeneously 
in this particular way can be stable, and even that this 
is the only way the sphalerite may form. It should be 
borne in mind that the appearances of the interfaces 
are considered here more or less exclusively from the 
energetic point of view, disregarding the effects of 
kinetics. As a matter of course, in internal oxidation, 
kinetics also play an important role. Precipitates may 
grow faster parallel to an interface that has a relatively 
high energy. Similarly, ledges along the interface may 
promote particle growth and the growth process may 
be determined by diffusion across kinks in the ledges 
[26]. The main oxidizing conditions influencing the 
nucleation and growth of the precipitates are 
the temperature of the sample, the oxygen partial 
pressure, the concentration of the solute and 
the oxidizing time. Systematic investigations of the 
effect of these parameters on the microstructure of the 
internally oxidized alloys are possible using an 
adapted Rhines pack method in which sample 
temperature and oxygen pressure are independently 
controlled [27]. It seems that no systematic studies 
have been carried out so far on the effects of the 
oxidation parameters on the morphology and on the 
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Fig. 14. (a) A sphalerite ZnO precipitate, surrounded by three wurtzite ZnO precipitates, labelled 1,2,3. 
The HRTEM image in (e) is from the [Ol l] zone of the sphalerite ZnO grain. Diffraction patterns from 
three zones are shown in (b), (c) and (d). 
size of the oxide precipitates, and not on the 
formation of ZnO precipitates, using HRTEM. These 
aspects are considered in a subsequent paper [IO]. 
5.2. “Tilted” precipitates 
Precipitates and interfaces with small misorienta- 
tions from a preferred OR are an interesting 
phenomenon. Similar cases have been reported in the 
literature for widely differing interfaces produced 
with various methods. In addition, their presence is 
not restricted to metal-oxide interfaces. A short 
review of the most important findings follows and 
their relationship to the case at hand is discussed. 
The reason for the existence of a tilt, similar to that 
described here, has been explained convincingly in 
two cases. First, in a series of experiments on strained 
epitaxial layers, Flynn and coworkers showed that 
the tilt of the layer is such that it leads to a complete 
strain relief of the epitaxial layer. They used purely 
geometrical arguments, and an assumption about the 
coherency strains at the interface to arrive at this 
conclusion [28-301. As a consequence of the tilt the 
low energy coherent interface is replaced with a 
higher energy interface. If this were not the case the 
tilt should have been present all along. In two other 
cases strain relief seems not to play a role in the 
existence of a tilted interface. Thin layers of Nb and 
V grown on the R plane of sapphire show a tilt of a 
few degrees. However, in these systems a unique 
three-dimensional orientation relation is found for 
growth of many sapphire surfaces, which also applies 
to these particular cases. The tilt is here attributed to 
favourable interactions between the substrate metal 
ions and the metal atoms in the epitaxial layer. The 
lattice of the epitaxial layer can be thought of as a 
continuation of the metal sublattice in the sapphire. 
The energy of these particular tilted interfaces is 
taken to represent a (local) minimum [31, 321. 
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These cases have in common that the tilt angles 
found were unique for each system. This is reflected 
in the explanation of their occurrence, which does not 
allow for other tilts to be present. This is clearly 
different from the situation we encountered. Apart 
from a, quite large, number of seemingly isolated 
cases [33-371, there are a few recent observations that 
compare well to our case in that they show a number 
of tilt angles for the same system. 
Internal reduction of (Al,Crh Oj leads to the 
formation of Cr precipitates in a sapphire matrix [5]. 
Roughly, there are two sets of ORs. One OR is 
actually a narrow range of ORs related to each other 
by a simple rotation of up to about 5.5”. The 
two limiting cases correspond to situations showing 
parallel close packed planes, and these cases are 
encountered most frequently. Distribution between 
them is more or less continuous, perhaps showing 
another small peak. No explanation is given for the 
occurrence of the tilted precipitates. 
In another study, an orientation relation for 
AljO3 precipitates in Pd was found to occur with 
misorientations from the exact relation of up to 11”. 
In this range, precipitates with four different 
morphologies were found. For all these precipitates 
the angles between sapphire facets and close packed 
Pd planes were below 7” [38,39]. A distribution of 
tilt angles, based on measurements of roughly 75 
precipitates shows a broad peak around a certain 
angle, which is taken to mean that facets of 
particularly low energy are present at that angle. Two 
of these facets show parallelism of rather low-index 
sapphire and Pd planes, and one is “tilted’ and shows 
a good fit of one period in the tilted Pd and four 
periods in the sapphire. In this case, HRTEM images 
did not show clear evidence of relaxations near the 
interface. The exact value of the tilt angle is explained 
in a way analogous to the strain-relief of the epitaxial 
layers mentioned before. It is interesting to compare 
our findings with the results of Cosandey et al. [39]. 
In our case, almost all precipitates show ORl, and 
this can safely be considered to be the low energy 
configuration. The ORs we found do not show 
parallel low index planes at all, which is remarkable. 
Considering these precipitates to have a preferred 
orientation would obviously require an explanation 
of some sort. We cannot conclude from our 
measurements that there is a preferred “tilted” 
orientation because we simply lack data, mainly 
because the tilted precipitates are very rare. We might 
look for such an angle without unambiguous 
experimental backing as Cosandey et al. have found, 
but prefer not to. It would, it seems, have a lot in 
common with applying two criteria that have been 
put forward in the past to predict low energy 
interfaces: high planar density of (near) coincidence 
sites [40], or high density of “locked-in” rows at the 
interface [41]. These criteria, appealing as they may 
seem in this case, have been shown to be not reliable 
in determining which interfaces have low energy [42]. 
Especially in cases where substantial relaxations take 
place, geometrical models basically cannot be 
expected to predict variations in interface energy. The 
situation is even more complicated because several 
interfaces are involved at the same time here. 
Looking for a more general explanation of the 
occurrence of these precipitates we note the 
following. In the tilted precipitates, the perfect 
alignment of the basal plane with a { 111) plane is 
destroyed. This is the most frequently occurring 
interface, not only in this system but also for ZnO in 
Cu and Pd, that is to say, in cases with a different 
bonding and a different misfit. Therefore, it probably 
has a particularly low interface energy. Tilt will thus 
lead to an increase of the interface energy of this 
facet. Furthermore, it destroys the symmetry at the 
interface. This, together, makes it very unlikely that 
this facet causes the tilt. The situation is different 
for the other facets found on ORl. For all these 
facets the tilt axis is along a unique direction in 
the interface. If, during precipitation coherency, 
strains occur at these interfaces they will be strongly 
anisotropic, in contrast to possible strains at the basal 
plane. These coherency strains may be relieved by the 
glide of lattice dislocations to the interface, causing 
the tilt, or by the nucleation of dislocations at the 
interface as discussed in [43]. So, relief of coherency 
strains at these interfaces may have played a role in 
the formation of these precipitates. In ORl, these 
interfaces are not expected to have very low energy, 
because the angle the Ag planes make with them are 
fixed by ORl. An interface with Ag planes at slightly 
different angles may have a lower energy, increasing 
the driving force for tilt. Finally, we note that 
the angles between the two pyramidal facets and 
low index planes are both decreased by the tilt, as 
becomes clear from Table 3. As the measurements 
of Cosandey et al. [39] indicate that “low-angle” 
interfaces are preferred over “high angle” interfaces, 
this may be of importance. 
Next, we turn to the structure of the tilted 
interfaces. The tilted interfaces between Ag and ZnO, 
including the Pyl and Py2 interface of ORl, all seem 
to show relaxations near the interface. An unrelaxed 
tilted interface is characterized by an array of steps 
on the metal side, causing the macroscopic angle. At 
the pyramidal interfaces these are l/4/( 121) steps in 
the Ag. These may be interpreted as the projection of 
a l/2( 110) vector. A perfect lattice dislocation sliding 
along a {ill} plane towards an interface, would, 
upon reaching it, leave such a step. The dislocation 
line is inclined to the interface during the sliding. This 
observation holds for the steps on both the Py2 and 
Pyl interfaces. The only difference is the projection 
along and perpendicular to the interface. Another 
interpretation is to regard the steps as introduced 
close packed planes. For the Pyl planes we can 
interpret the steps as introduced { 11 l} planes. In this 
way, the interface resembles an array of 1/3(11i) 
Frank partial dislocations, with line direction [Oil]. 
VELLINGA and DE HOSSON: STRUCTURE AND RELATIONS BETWEEN Ag AND ZnO 949 
A similar interpretation of the Py2 interface would 
lead to an image involving inserted (200) planes 
or partial l/Z[lOO] edge dislocations with the line 
direction along [Oil]. No equivalent in the f.c.c. 
structure is known, as it would create a stacking fault 
with very high energy. The Burgers vector attributed 
here to the steps is derived from the metal, not from 
the ZnO. This is only justified if the ceramic is taken 
to be rigid. In that case, the complete Burgers vector 
will still be at the metal side. Under these 
circumstances, we can use the picture to illuminate 
the effects of relaxation on the distribution of the 
Burgers vector near the interface. The experimental 
data suggest that a dissociation of the Burgers vector, 
or steps, takes place. More specifically, the “terraces” 
tend to align with the interface, creating a small 
stacking fault at the place of the steps. We interpret 
this as a dissociation of the Frank partial dislocations 
at the interface into 1/6[21i] Shockley partial 
dislocations and a 1/6[Oli] stair-rod dislocation. 
The Shockley partial dislocations can glide up 
the available (171) plane, away from the interface 
whereas the “stair-rod” stays at the interface. 
Looking for a dissociation mechanism for the 
1/2[100] dislocation, analogous to that for the Pyl 
interface, one could arrive at 1/2[100] --+ 1/6[11 l] + 
1/6[2n] in which a Shockley partial dislocation has 
been forced to appear. 
To check if this representation of the interface and 
the relaxations is valid we performed anisotropic 
elastic continuum calculations of an array of 
dissociated dislocations, using the method described 
in the appendix of [3]. These calculations allow us to 
address the glide and climb forces on the Shockley 
partial, the equilibrium separation between stair-rod 
and Shockley, and the distribution of the Burgers 
vector over the Ag and ZnO. So far we have carried 
out calculations on the basal plane interface of the 
precipitate with OR3. To simplify matters and 
concentrate on the dissociation we disregard misfit 
along (110). We note that an approximation of ZnO 
by an infinitely stiff medium would not be justified 
in this case. Calculation of the distribution of 
the l/3(1 11) Burgers vector shows that 57% is 
accommodated in Ag and 43% in ZnO. This rather 
even distribution is mainly an effect of the relatively 
small difference between the shear moduli of Ag and 
ZnO. The latter is rather low for a ceramic. 
For a similar, hypothetical, interface between Cu 
and ZnO a remarkable fact would occur. In this 
case only 48% of the Burgers vector would be 
accommodated in the metal, and 52% in ZnO. For 
this dissociation, and the equilibrium separation 
between the resulting partials, three interactions are 
of importance. There is a repulsive elastic interaction 
between the stair-rod and the Shockley, whereas the 
stacking fault energy leads to an attractive term. The 
interaction between the Shockley and its image in the 
ZnO can be either repulsive or attractive, depending 
on material constants. For the interface between Ag 
and ZnO this particular interaction is repulsive, and 
we find an equilibrium separation of 3.5 nm along the 
glide plane. Dissociation of the Frank partials is 
therefore a possibility at that interface. At a similar 
Cu-ZnO interface the Shockley will be attracted to 
the interface by its image in the ZnO. This, and the 
fact that the stacking fault energy is higher, causes the 
equilibrium separation near that interface to be only 
1.25 nm. Moreover, the attractive force pulls the 
Shockley to the interface and is largest close to 
the interface. It is therefore doubtful that the 
Shockley will reach the equilibrium separation. In the 
experiment we find a smaller separation than the 
3.5 nm calculated. This is not unexpected, it only 
points out the fact that we have assumed Volterra- 
type dislocations to be present whereas the inter- 
action across the interface may be insufficient to lead 
to that degree of localization. We conclude from 
these calculations that the dissociation of partial 
dislocations is a reasonable picture for the relaxations 
near the Ag-ZnO interfaces. The difference in 
behaviour of Ag and Cu with regard to dissociation 
is something we hope to be able to confirm 
experimentally by comparing the results of our 
experiments on Ag-ZnO and Cu-ZnO. 
Some aspects require further clarification, most 
notably the significant difference between the 
structure of the basal plane interfaces of OR2 and 
OR3. The large difference in separation between the 
Shockley and stair-rod at these interfaces is likely to 
be related to the spacing of the array. This system 
may therefore provide an excellent experimental 
opportunity to study the interplay between misfit and 
bond strength: the dislocation content of an interface 
(or rather the misfit) can be varied in an experiment 
while keeping the bonding at the interface constant. 
Moreover, this leads to measurable differences in the 
core structure. Further experimental and theoretical 
work is under way to investigate this aspect. 
6. SUMMARY 
An Ag-Zn alloy was internally oxidized. Precipi- 
tates of ZnO with the wurtzite and sphalerite 
structure were formed. The wurtzite precipitates 
show predominantly one orientation relation with 
the Ag matrix: {0002}//{11 l} and (2iiO)//( 110). 
These precipitates are platelike and are surrounded 
by basal plane, first-order prismatic and first-order 
pyramidal facets. Three other ORs were found, 
showing a slight tilt around [21 lo] and sharing some 
of the facets. On all precipitates, “tilted” interfaces 
were present, low index ZnO facets almost parallel to 
low index Ag planes. The geometry on the metal side 
for most of these interfaces can be represented by an 
array of partial dislocations. Anisotropic elastic 
continuum calculations have shown that the relax- 
ations near the interface may be interpreted in terms 
of a dissociation of the Frank partial dislocations 
near the interface. These interfaces may provide an 
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experimental tool to study the effects of interface 20. 
dislocation density (misfit) on the localization of 
misfit dislocation cores. 21. 
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